Interstitial cells of Cajal (ICC) 
and are suggested to be mediators of neuromuscular transmission [3] . Macrophages in the muscularis externa of mice are in close spatial contact with the ICC and create a constant and regularly distributed cell population. It would therefore seem legitimate to propose that macrophages and ICC functionally interact [4] [5] [6] [7] . When my review on macrophages in the normal mammalian muscularis externa was published in 1995 [6] , there were only a few other publications on these cells. Since [8] , diabetic gastroparesis [9] , Crohn's disease (CD) [10] , ulcerative colitis (UC) [11] , animal models for inflammatory bowel disease [12] , gut resection [13] and helminth infections [14, 15] . Finally, both macrophages and mast cells seem to be involved in post-operative ileus and motility disturbance, see reviews [16] [17] [18] . [19, 20] . KIT (CD117) are the main markers for ICC organization and distribution [1, 2, 21] . In addition, numerous immunohistochemical markers have been reported to stain ICC, see review [22] .
then studies on ICC function, distribution and morphology have flourished, and disturbances in gastrointestinal motility have been related to pathologies associated with ICC. It has been suggested that immune cells, e.g. macrophages and mast cells, influence and affect the ICC and interact with enteric nerves. Reports on several diseases and on certain animal models have noted damage and a decrease in the number of ICC, as well as an increase in the number of macrophages and mast cells in achalasia

This report will review studies on macrophages and mast cells, their distribution, morphology and spatial relationships with ICC in the normal gastrointestinal tract of rodents and human beings as well as their activation states, polarization and possible interactions during pathological conditions.
Identification of the cells
Immunohistochemistry and subsequent light microscopy of sections and whole mounts provide a comprehensive overview of the cells regarding their localization, morphology and densities in the tissue. Their relationship to other cells and structures can be visualized with double-staining techniques. When evaluating pathological tissue one should bear in mind that macrophages and possibly mast cells are able to switch from one activation state to another -and thereby change their immunophenotype and function
Electron microscopy and to a certain extent immuno-electron microscopy, are clearly the best methods to establish the identity of ICC, macrophages and mast cells, their exact location in the muscularis, as well as possible activation states and pathological changes. As spatial associations in biological systems are often indicative of functional interactions, it is important to evaluate the spatial relationships between the cells: the distance between them and the presence of gap junctions, peg-and-socket junctions and close appositions. However, it is a most laborious method and demands great skill and knowledge.
ICC
Both ICC and mast cells depend on stem cell factor (SCF) for their development and express the protooncogene c-kit which encodes a receptor tyrosine kinase (KIT). Antibodies towards
Macrophages Activation
Macrophages can be identified as resting-tissue macrophages, several subgroups have been identified within the same tissue, and activated macrophages [23] . For the last decade or so, studies have mainly focused on activated macrophages and their different activation states, i.e. classically activated macrophages (M1) and alternatively activated macrophages (M2), the type of activation being dependent on their microenvironment, see reviews [24] [25] [26] . [20] , see review [44] . MHCII immunoreactivity is expressed by B lymphocytes, dendritic cells and some macrophages and monocytes, and seems to be regulated both via classical and alternative activation [25] .
Classical activated macrophages (M1) develop in response to concomitant stimulation by interferon (IFN)-␥ and microbial products, such as lipopolysaccharide (LPS). IFN-␥ is
Tracers can be used to study the endocytic capacity and distribution of macrophages. In our first study we used fluoresceinlabelled dextran (FITC-D) combined with fluorescence and electron microscopy [5] . This method is also convenient combined with macrophage antibodies [36] [45] . [51] . [53, 54] and ICC-SMP in the colon [55] [3, 53] , but ICC-AP are present in the corpus, antrum and pylorus [3] , in the small intestine [1, 2] and colon [56] .
Mast cells Activation
Cell distribution ICC in rodent gastrointestinal tract
The general organization of ICC networks in the rodent gastrointestinal tract was illustrated schematically by Hanani et al. [52] based on ultrastructural and KIT immunohistochemical data from a large number of reviews. ICC are in contact with each other and form networks in four locations: (1) ICC with a stellate morphology are located in the serosa (ICC-SS); (2) between the longitudinal (LM) and circular (CM) muscle layers at the level of Auerbach's plexus (ICC-AP) where they form a network around the ganglia; (3) in the small intestine, where bipolar-shaped ICC are located at the level of the deep muscular plexus between the inner and outer circular muscle layers (ICC-DMP); (4) in the stomach and colon, where they are located at the border between the submucosa and the circular muscle and are called ICC-SM in the stomach
ICC in human gastrointestinal tract
In the human gastrointestinal tract, our knowledge of the distribution and morphology of ICC is based on KIT immunohistochemistry and electron microscopy and has been reviewed by several authors [22, 57, 58] . In human oesophagus ICC-LM and ICC-CM appear as elongated cells within both muscle layers but are absent at the level of AP; at the submucosal border the ICC are in close contact with nerve endings [57, 59] [62] . Ultrastructurally, only ICC at AP [65, 66] and at the submucosal border have been described [11] .
In the mouse, slow waves that represent pacemaker activity are generated in ICC-AP in the small intestine [1, 2] ; and in ICC-AP and ICC-IM in the stomach [67, 68] . In canine colon the prominent pacemaker is associated with ICC-SMP [69] ; in rat colon both ICC-AP and ICC-SMP may be associated with pacemaker activity [55, 70] . Neurotransmission to the muscles is believed to be mediated via ICC-IM in oesophagus, in antrum and corpus of the stomach [3] , and via ICC-DMP in the small intestine [71] .
Macrophages in rodent gastrointestinal tract
The morphology and distribution of macrophages in the muscularis externa have been studied in detail in the mouse small intestine, and human small intestine and colon (see review [6] [5, 7, 72] .
Ultrastructurally, macrophages can be characterized by having a centrally situated, deeply indented nucleus and long slender cell processes, they do not have a basal lamina nor do they form specialized contacts with other cells, but they are often enveloped by ICC. In adult conventional mice they harbour several types of vesicles which vary in size, shape, content and membranes [4, 5] ( Fig. 1A and B) . However, the number, form and type of vesicles seem to be dependant on the activation state of the macrophage. Fig. 1C and D) .
In germfree mice the macrophages appeared to contain a similar if not higher number of vesicles with electron-dense granular content (lysosomes) and less light vesicles (vacuoles) in the cytoplasm [34] (
In mice that had been treated with FITC-dextran intravenously, the macrophages contained many dextran-filled vesicles. Notably serosal macrophages, which were not in the vicinity of vessels, contained dextran already after 1 hr. After 1 and 4 days the macrophages contained large dextran-filled vacuoles [5] (Fig. 1E) . After intraperitoneal injection mesothelial cells also contained dextran-filled vesicles [73] . This suggests that dextran can be transported from the peritoneal cavity via the mesothelium to the serosal macrophages and that these may have a function as sentinels against external exposure.
After 15 days of Trichinella spiralis inflammation some macrophages contained numerous large phagosomes and lysosomes [15] (Fig. 1F) .
The [62] . The same distribution has been observed in the ileum [10] . Hagger et al. [85] described mast cells in all layers of muscularis externa of colon and rectum.
Mast cells in rodent gastrointestinal tract
Mast cells are mainly found in the lamina propria of the intestine, but have also been observed in the epithelium, in the submucosal
Fig. 2. Whole mounts from rat jejunum. Confocal micrographs. (A-C) Double staining with ED2 (red) towards macrophages and KIT (green) towards ICC. (A) Macrophages in serosa. (B) Macrophages at the level of AP and ICC-AP. (C) Macrophages at the level of DMP and ICC-DMP. Arrows: macrophages, arrowheads: ICC. (D-F) ED1 (CD68) stained macrophages display a granular staining pattern and a ramified morphology. (D) In serosa. (E) At the level of AP. (F) At
Mast cells in human gastrointestinal tract
Information on the normal distribution and morphology of mast cells in human muscularis externa is scarce and is mostly derived from descriptions of control (non-pathological) tissues in various
Inflammation
In several animal models and intestinal diseases with motility disturbances, ICC, macrophages and mast cells have been suggested to be implicated.
Models of inflammation
Intestinal inflammation leads to disturbances in motility involving both increased and decreased smooth muscle contractility [86] . [87, 88] . [91] [92] [93] . 
LPS administration LPS-administration to mice resulted in delayed gastric emptying and intestinal transit as well as an iNOS up-regulation in
information). Eskandari et al. administered LPS to rats which led to a suppression of jejunal circular smooth muscle activity and to iNOS induction [89]. In an earlier study on LPS administration to rats, a significant infiltration of neutrophils, mast cells, and monocytes into the muscularis externa was described [90]. Unfortunately, none of the studies on LPS includes an ultrastructural description of the muscle layers, ICC, nerves or spatial relationships to macrophages and other immune cells. Regarding the activation of endothelial cells and the neutrophil influx in op/op mice, it is well known that LPS also activates TLRs on mast cells, mesothelial cells and endothelial cells as well as on macrophages
Surgical anastomosis
Post-operative ileus
For the last decade, macrophages in the muscularis externa have been thought to play a role in post-operative ileus -another inflammatory model, see reviews [16] [17] [18] [24] . Enteric nematode infection is characterized by hypermotility and smooth muscle hyperplasia in muscularis externa [103] and an increased infiltration of immune cells: macrophages, lymphocytes, eosinophils and mast cells [77, 104, 105] . A recent study on Nippostrongylus brasiliensis infection found an increase in the number of infiltrated macrophages as well as in an up-regulation of. mannose receptor (CD206) and arginase activity [106] , markers usually associated with alternative macrophage activation [24] [14, 108] , and in Trichinella spiralis infection many lymphocytes were present [15] .
Inflammatory bowel disease
The inflammatory bowel diseases CD and UC are characterized by chronic intestinal inflammation. The prevailing hypothesis on the pathogenesis of these diseases is that they are the product of a dysfunction in the regulation of the immune response to commensal antigens (bacterial products) in a genetically susceptible host [109] . Only the mucosa has been extensively studied in both CD and UC and it exhibits altered lymphokine secretion profiles [110] . [80] . 
STZ-DM rats
